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INTRODUCTION 

In 1985, a new editionca' of the Hiuhwav Ca~acitv Manual 
was published by the Transportation Research Board as Special 
Report 209. When published, it was considered to reflect the 
best available collection of techniques for estimating highway 
capacity; thus it was intended to replace previous documents 
and references that have been used. It was recognized, how- 
ever, that the publication was 'la milestone in the growing body 
of knowledge of highway capacity - not a conclusion1'. As addi- 
tional research is completed and further knowledge is gained, 
it was anticipated that the Manual would be appropriately 
revised. Even at the time of publication, a major research 
effort, sponsored by the National Cooperative Highway Research 
Program, was underway. That research should provide the basis 
for revising and updating the material related to multilane 
highway capacity. Since that time, other highway capacity 
oriented research has been initiated by a number of orqaniza- 
tions. 

The 1985 Hiahwav Ca~acitv Manual"' is the third edition of 
a series of manuals that have been published in the United 
States. The first formal manual"' was published in 1950 by 
the Bureau of Public Roads, U. S. Department of Commerce. In 
1965, a revised editionc7' of the u u h w a ~  Ca~acitv Manual was 
published by the Highway Research Board as Special Report 87. 
In all cases, these publications are the result of the efforts 
of a number of individuals and organizations even though the 
primary responsibility has been with the Highway Research Board 
Committee on Highway Capacity and subsequently the Transporta- 
tion Research Board Committee on Highway Capacity and Quality 
of Service. Certainly, these manuals are not the only source of 
information on highway capacity. The literature contains a 
number of papers and publications on the subject. In some 
cases, that information has been incorporated into subsequent 
editions of the Hiahway Ca~acitv Manual. Also, similar manuals 
have been developed by some other countries. 

THE PROBLEM AREA 

While there are a number of areas where additional highway 
capacity research is needed, one specific topic that deserves 
further work is the capacity of the dual or double left-turn 
lanes at signalized intersections. The 1985 Hiahwav w a c i t v  
Manualm1 does contain a factor for use in the calculation of 
the capacity of the dual left-turn lane; however that factor is 
based on very limited research. Also, previous work has shown 
that there can be considerable variation in the capacity of 
these lanes depending on the behavior of motorists and the 
intersection environment. 



This topic is particularly pertinent in Arizona because of 
the increasing use of dual left-turn lanes at intersections. 
The increased use of these lanes probably is the result of the 
continued increase in size of the metropolitan areas in the 
State and the corresponding increase in traffic demands on the 
street and highway systems in those areas. In addition, the 
street network in the metropolitan areas has generally devel- 
oped on the one mile grid of major arterials. With this type 
of street network, the opportunity for accommodating turn move- 
ments is quite restricted. 

Many cities have minor arterials located approximately at 
the half mile intervals between the major arterials; however 
the street patterns in the metropolitan areas of Arizona do not 
always have the intermediate minor arterials. The lack of the 
minor arterials increases the demand for turn movements at the 
intersections of the major arterial streets. As turn movement 
volumes increase, one design alternative is to utilize a dual 
rather than a single turn lane. 

At the current time, there are several different types of 
applications of dual left-turn lanes in Arizona. Generally, 
the dual turn lanes are used in conjunction with a protected 
traffic signal phase. In some cases, however, there are appli- 
cations with permitted plus protected phases. Also, there is a 
limited number of intersections where one of the dual left-turn 
lanes is shared with a through or right-turn movement. The 
latter two situations are not addressed by the methodologies in 
the Hishwav C a ~ a c i t v  ManuaLc e, . 
STUDY SCOPE AND PURPOSE 

The objective of this study is to prepare a state-of-the- 
art report identifying current practices in the determination 
of dual left-turn lane capacity, operational needs, and stand- 
ards for their installation. Also, a part of the objective is 
the development of a research work plan for any recommended 
research. 

More specifically, the following tasks were included in the 
project: 

1. Review all available research studies on the 
determination of the capacity and application of dual 
lef t-turn lanes. 

2. Review, evaluate, and summarize the current prac- 
tices in the determination of dual left-turn capacity, 
operational needs, and any standards used for their 
installation. 



3. Identify and revlew any s t u d l e s  on what effect the 
dual left-turn lanes have on total intersection capac- 
ity, and the installation of dual left-turn lanes on 
traffic signal cycle length. 

4. Provide recommendations on the scope and extent of 
further studies. 

5. Develop a detailed work plan for any recommended 
research and establish the anticipated project dura- 
tion and estimated budget. 

6. Prepare a state-of-the-art report summarizing the 
results of tasks 1 through 5 .  

It was not the intent of this study to review all aspects 
of intersection capacity or even left-turn operations and 
capacity. The work in this study was specifically limited to 
the area of dual left-turns. In some cases, the report con- 
tains references to other aspects of intersection capacity; 
however these references have been included only because of the 
pertinence to dual left-turn conditions. 



DUAL LEFT-TURN LANE APPLICATIONS AND GUIDELINES 

The literature contains only a limited number of papers or 
reports tb,at specifically address dual left-turns. Generally, 
the literature on the subject is restricted to the period from 
the early 1960's to the pzesent. 

While the early studies and discussions tended to deal with 
questions, a Committee of the Institute of Traffic Engineers 
(ITE), now the Institute of Transportation Engineers, published 
a state-of-the-art report(2z) in 1975 on the usage and effec- 
tiveness of double left-turn movements. The work of the Com- 
mittee included the identification of commonly used configura- 
tions, a discussion of design factors, a review of policies and 
warrants, the application of traffic control devices, a review 
of accident experience, and capacity factors. 

The common configurations as reported by the ITE Committee 
are shown in Figure 1. These configurations all use exclusive 
left-turn signalization. 

With respect to design factors, the Committee noted the 
importance of providing adequate turning roadways for the 
left-turning vehicles. Lane widths, the width of the roadway 
accepting the double turn, the angle of the turn, and the ade- 
quacy of signs and markings were all cited as factors that 
could in£ luence the efficiency and capacity of the double left- 
turn lanes. In addition, concern was expressed about alignment 
of other traffic lanes if it is necessary to shift those lanes 
for the installation of double left-turn lanes. Other areas 
of concern were left-turn storage requirements, vehicular move- 
ments through the area of influence of the double left-turn 
(including upstream and downstream conditions such as high vol- 
ume driveways and weaving needs), and signing capabilities. 

The Committee reported that few jurisdictions had actually 
adopted a numerically based policy or warrant. The California 
Department of Transportation was cited as having a warrant 
based on a peak hour left-turn volume of 300 vehicles per hour. 
Other reported reasons for installing double left-turn lanes 
included: 

- intersection capacity, 
- aval lable lef t-turn storage lengths, 
- reduction of delay at the intersection, and 
- observations which indicate that traffic 

operations would be enhanced. 

One of the areas reviewed by the ITE Committee dealt with 
traffic control devices and signalization. Most of the 





r e p o r t e d  intersections w i t h  d o u b l e  l e f t - t u r n  l a n e s  had t r a f f i c  
s i g n a l  c o n t r o l ;  however  a  v e r y  l i m i t e d  number of  l o c a t i o n s  had 
s t o p  s i g n s ,  y i e l d  s i g n s ,  o r  no  t r a f f i c  c o n t r o l  d e v i c e s .  A t  t h e  
s i g n a l i z e d  i n t e r s e c t i o n s ,  t h e  m a j o r i t y  of t h e  i n s t a l l a t i o n s  
used  a p r o t e c t e d  t u r n  p h a s e .  

Whi le  t h e  Commit tee  a t t e m p t e d  t o  i n v e s t i g a t e  a c c i d e n t  e x p e -  
r i e n c e ,  c o n c l u s i v e  i n f o r m a t i o n  w a s  n o t  o b t a i n e d .  Some j u r i s -  
d i c t i o n s  d i d  r e s p o n d  t h a t  t h e  u s e  of  d o u b l e  l e f t - t u r n  l a n e s  had 
r e d u c e d  c o l l i s i o n s ,  a n d  o t h e r s  r e p o r t e d  no s i g n i f i c a n t  a f f e c t .  
T h i s  r e p o r t  by  t h e  ITE Committee was t h e  o n l y  r e f e r e n c e  t h a t  
was found  which  a d d r e s s e d  t h e  a c c i d e n t  o r  s a f e t y  e l e m e n t .  

I n  t e r m s  o f  c a p a c i t y ,  t h e  Committee r e f e r e n c e d  t h e  work o f  
R a y t x 7 '  a n d  L e i s c h ' 1 2 ) .  The d i s c u s s i o n  of  t h e s e  r e f e r e n c e s  is 
i n c l u d e d  i n  a la ter  s e c t i o n  of t h i s  r e p o r t  t h a t  s p e c i f i c a l l y  
a d d r e s s e s  t h e  c a p a c i t y  of  t h e  d u a l  l e f t - t u r n  l a n e s .  

The p u b l i s h e d  Amer ican  A s s o c i a t i o n  of  S t a t e  Highway a n d  
T r a n s p o r t a t i o n  O f f i c i a l s  (AASHTO) p o l i c y a * "  on  d u a l  l e f t - t u r n  
l a n e s  h a s  n o t  c h a n g e d  i n  a number of  y e a r s .  I n  f a c t ,  t h e  p o l -  
i c y  s t a t e m e n t  p u b l i s h e d  i n  1 9 8 4 ' " '  is t h e  same a s  t h a t  pub- 
l i s h e d  i n  1973(*'. The AASHTO p o l i c y  is a s  f o l l o w s :  

nWhere t u r n i n g  t r a f f i c  is t o o  h e a v y  f o r  a s i n g l e  
l a n e  a n d  t h e  c r o s s r o a d  o r  s t ree t  is wide enough t o  
r e c e i v e  t h e  t r a f f i c ,  two t u r n i n g  l a n e s  s h o u l d  be  p r o -  
v i d e d .  Pavement  marking ,  c o n t r a s t i n g  pavemen t s ,  a n d  
s i g n s  s h o u l d  b e  u s e d  t o  d i s c o u r a g e  t h e  t h r o u g h  d r i v e r  
f r o m  i n a d v e r t e n t l y  e n t e r i n g  t h e  median  l a n e s .  Bar -  
r i e r - t y p e  s e p a r a t o r s  s h o u l d  n o t  be  u s e d  b e c a u s e  of t h e  
p o t e n t i a l  h a z a r d  i f  t h e y  are a c c i d e n t a l l y  s t r u c k .  

L e f t  t u r n i n g  v e h i c l e s  l e a v e  t h e  t h r o u g h  pavement  
t o  e n t e r  t h e  median  l a n e s  i n  s i n g l e  f i l e ,  b u t  o n c e  
w i t h i n  i t ,  s t o r e  i n  two l a n e s  and ,  on  r e c e i v i n g  t h e  
g r e e n  i n d i c a t i o n ,  t u r n  s i m u l t a n e o u s l y  f rom b o t h  l a n e s .  
Wi th  t h r e e - p h a s e  t r a f f i c  s i g n a l  c o n t r o l ,  s u c h  a n  
a r r a n g e m e n t  r e s u l t s  i n  a n  i n c r e a s e  i n  c a p a c i t y  of  
a p p r o x i m a t e l y  1 8 0  p e r c e n t  of t h a t  o f  a s i n g l e  median  
l a n e ,  O c c a s i o n a l l y ,  t h e r e  a r e  o p e r a t i o n a l  p r o b l e m s  as 
a r e s u l t  o f  t h e  t w o - a b r e a s t  t u r n s ,  e s p e c i a l l y  t h e  
p r o b l e m s  of s i d e s w i p e  a c c i d e n t s .  These  u s u a l l y  r e s u l t  
f rom t o o  s h a r p  a t u r n i n g  r a d i u s  o r  a roadway t h a t  is 
t o o  n a r r o w .  The r e c e i v i n g  l e g  of t h e  i n t e r s e c t i o n  
must  have  a d e q u a t e  w i d t h  t o  accommodate two l a n e s  o f  
t u r n i n g  t r a f f i c .  A w i d t h  of 30 f t .  is u s e d  b y  s e v e r a l  
h ighway a g e n c i e s .  



N e ~ m a n ( ~ ~ '  i n c l u d e d  a d i s c u s s i o n  of  t h e  g u i d e l i n e s  f o r  u s e  
a n d  d e s i g n  of d o u b l e  l e f t - t u r n  l a n e s  i n  t h e  more r e c e n t l y  pub- 
l i s h e d  J n t e r s e c t i o n  C h a n n e l i z a t i o n  Des iun  Gu ide .  The g u i d e -  
l i n e s  f o r  u s e  a r e  b a s i c a l l y  volume o r i e n t e d .  I t  is n o t e d  t h a t  
d o u b l e  l e f t - t u r n  l a n e s  s h o u l d  b e  c o n s i d e r e d  a t  a n y  s i g n a l i z e d  
i n t e r s e c t i o n  w i t h  h i g h  l e f t - t u r n  d e s i g n  hour  demand volumes ,  
a n d  a g e n e r a l  " r u l e - o f - t h u m b n  o f  300 v e h i c l e s  p e r  h o u r  o r  more 
is c i t e d  as  t h e  a p p r o p r i a t e  demand volume f o r  c o n s i d e r a t i o n  o f  
t h e  d o u b l e  l e f t - t u r n  l a n e s .  I n  a d d i t i o n ,  t h e  f o l l o w i n g  d e s i g n  
g u i d e l i n e s  a r e  g i v e n  b y  Neuman: 

- The t h r o a t  w i d t h  f o r  t h e  t u r n i n g  t r a f f i c  is t h e  
mos t  i m p o r t a n t  d e s i g n  e l e m e n t .  D r i v e r s  a r e  most  com- 
f o r t a b l e  w i t h  e x t r a  s p a c e  be tween  t h e  t u r n i n g  q u e u e s  
o f  t r a f f i c .  Because  o f  t h e  o f f t r a c k i n g  c h a r a c t e r i s -  
t ics o f  v e h i c l e s  a n d  t h e  r e l a t i v e  d i f f i c u l t y  f o r  
a c c e p t a n c e  of  t w o - a b r e a s t  t u r n s ,  a 36 f t .  t h r o a t  w i d t h  
is d e s i r a b l e  f o r  a c c e p t a n c e  o f  two l a n e s  of  t u r n i n g  
t r a f f i c .  I n  c o n s t r a i n e d  s i t u a t i o n s ,  30 f t .  t h r o a t  
w i d t h s  a r e  a c c e p t a b l e  minimums. 

- G u i d i n g  pavement  m a r k i n g s  t o  s e p a r a t e  t h e  t u r n -  
i n g  l a n e s  a r e  recommended. The Manual o f  Uni fo rm 

c C o n t r o l  D e v i c e s  (MUTCD) recommends 2 f t .  l o n g  
d a s h e d  l i n e s  w i t h  4 f t .  g a p s  t o  c h a n n e l i z e  t u r n i n g  
t r a f f i c .  These  c h a n n e l i z a t i o n  l i n e s  s h o u l d  be  c a r e -  
f u l l y  l a i d  o u t  t o  r e f l e c t  o f f t r a c k i n g  a n d  d r i v i n g  
c h a r a c t e r i s t i c s .  

- D e s i g n e r s  s h o u l d  c a r e f u l l y  s i g n  a n d  m a r k  d o u b l e  
t u r n i n g  l a n e s  t o  p r e v e n t  i n a d v e r t e n t  " t r a p p i n g n  o f  
t h r o u g h  t r a f f i c .  F u l l y  shadowed l a n e s  s h o u l d  be 
d e s i g n e d  whereve r  p o s s i b l e .  Up t o  a f u l l  l a n e  w i d t h  
of  r e c o v e r y  area s h o u l d  be  p r o v i d e d  i n  t h e  median  
o p p o s i t e  t h e  d o u b l e  t u r n i n g  l a n e  f o r  r e c o v e r y  of  
t r a p p e d  v e h i c l e s .  

- D e s i g n e r s  s h o u l d  c h e c k  f o r  p o s s i b l e  c o n f l i c t s  
i n v o l v i n g  l e f t - t u r n s  o p p o s i n g  d o u b l e  l e f t - t u r n s .  
Where s u c h  s i m u l t a n e o u s  movements o c c u r ,  s p e c i a l  
pavement  mark ing  t o  s e p a r a t e  o p p o s i n q  t u r n s  may be  
n e c e s s a r y .  

The d i s c u s s i o n  i n  S e c t i o n  2B-18 of  t h e  MUTCDfX4' s u g g e s t s  
t h a t  t h e  u s e  of  d o u b l e  l e f t - t u r n  l a n e s  is a f u n c t i o n  o f  c a p a c -  
i t y .  I t  a l s o  s u g g e s t s  t h a t  p r o t e c t e d  s i g n a l  p h a s e s  s h o u l d  be 
u s e d  f o r  t h e  t u r n  movements.  The f o l l o w i n g  p a r a g r a p h  is a n  
e x c e r p t  f r o m  t h e  Manual : 



"Lane-Use Controls permitting left (or right) 
turns from two (or more) lanes are normally warranted 
whenever the turning volume exceeds the capacity of 
one turning lane, and when all movements can be accom- 
modated in the lanes available to them. When multi- 
ple-lane left turns are to be permitted at signalized 
intersections, special signal phasing should be used 
to allow the turning movements without interference 
from opposing or cross traffic." 

The previous edition of the Han~al'~'' contained a similar 
statement. 

In a recently published article, Agentfx' presented guide- 
lines for the use of protected/permissive left-turn phasing. 
Based on studies of signalized intersections in Kentucky, the 
results indicate that the protected/permissive left-turn phas- 
ing is preferable because of the savings in time. The study 
found that the protected/permissive phasing resulted in an 
increased accident potential. The recommended guidelines spe- 
cifically state that the protected/permissive phasing should 
not be used when there are double left-turn lanes on an 
approach. It is important to note, however, that the data base 
used in the study did not include any intersections with dual 
lef t-turn lanes. The recommended guide1 ine for dual lef t-turn 
lanes is not actually based on the field data from the study. 

A spot check of several highway and traffic organizations 
in Arizona was made in an effort to determine any formal 
policies regarding the use and/or design of dual left-turn 
lanes. While none of the organizations had formal policies, 
most had some type of informal and unwritten guidelines that 
were followed. 



DUAL LEFT-TURN CAPACITY 

The discussion of dual-left turn capacity which follows is 
divided into two sections. In the first section, pertinent 
research studies of dual left-turn capacity are reviewed. The 
latter section presents a summary of the evolution of dual 
left-turn capacity methodologies as well as the current 
approach to capacity calculations. 

RESEARCH STUDIES 

One of the early documented studies of dual left-turn 
capacity was undertaken by Capelle and Pinnellc5' in their 
research related to the capacity of signalized diamond inter- 
changes. Traffic movements were studied at two diamond inter- 
changes in the Houston area, and data were obtained for the 
start delay and the average time-headway for each type of move- 
ment at the siqnalized intersections. The following summarizes 
the findings: 

Starting Delay Ave . Tine -Headway 
-TYD~ Isec. 1 - 
Through 
Single left-turn 
Single right-turn 

Dual lef t-turns 
Inside lane 
Outside lane 

In this study, the inside lane was the left-turn lane on 
the median side of the roadway. Based on this information, 
Capelle and Pinnell concluded that the dual left-turn lanes 
have a reduced capacity compared to the single turn lane situa- 
tion. The reduction in capacity was attributed to drivers 
staggering the position of the vehicles in making the turn 
movement. Design capacity charts were developed for the dual 
left-turn lanes as shown in Figure 2. 

The current approach tc signalized intersection capacity is 
to use saturation flow concepts. The saturation flow rate is 
defined as: 

"The equivalent hourly rate at which vehicles can 
traverse an intorsection approach under prevailing 
conditions, assuming that the green signal was avail- 
able at all times, and no lost times are experienced, 
in vehicles per hour of green, or vehicles per hour of 
green per lane. 





I f  t h e  s a t u r a t i o n  f l o w  r a t e s  are c a l c u l a t e d  b a s e d  on  t h e  
a v e r a g e  t ime-headway found i n  t h e  Hous ton  s t u d y ,  t h e  v a l u e s  
are:  

C a l c u l a t e d  
S a t u r a t i o n  F low 

v - 
Through  a n d  s i n g l e  

t u r n  l a n e s  
Dua l  l e f t - t u r n  l a n e s  

I n s i d e  l a n e  
O u t s i d e  l a n e  

These  f i g u r e s  i n d i c a t e  t h a t  t h e  i n s i d e  l e f t - t u r n  l a n e  h a s  a 
f l o w  ra te  t h a t  is 88 p e r c e n t  o f  t h e  t h r o u g h  v a l u e  and  t h e  o u t -  
s i d e  l a n e  is 95  p e r c e n t  of  t h e  t h r o u g h  r a t e .  

I n  t h e i r  book on t r a f f i c  s i g n a l s ,  Webs ter  and  C o b b e c z 4 '  
i n c l u d e d  a d i s c u s s i o n  of  t h e  e f f e c t  o f  t h e  r a d i u s  of a t u r n i n g  
roadway on  s a t u r a t i o n  f l o w .  The e f f e c t  of  t h e  r a d i u s  f o r  
d o u b l e  l a n e  t ra f  f ic s t r e a m s  is g i v e n  a s  : 

where  
s is t h e  s a t u r a t i o n  f l o w  i n  p a s s e n g e r  c a r  u n i t s  

p e r  h o u r  
r is t h e  r a d i u s  i n  f e e t  

Because  t h i s  e q u a t i o n  a p p l i e s  t o  B r i t i s h  c o n d i t i o n s ,  i t  is f o r  
d o u b l e  r i g h t - t u r n  l a n e s  wh ich  are t h e  e q u i v a l e n t  o f  d o u b l e  
l e f t - t u r n  l a n e s  i n  t h e  U n i t e d  S t a t e s .  Webs te r  a n d  Cobbe 
r e f e r e n c e d  t h i s  e q u a t i o n  t o  work by Webster"". 

I n  1965 ,  R a y c x 7 )  r e p o r t e d  on  s t u d i e s  of  d u a l  l e f t - t u r n  
l a n e s  a t  s i g n a l i z e d  i n t e r s e c t i o n s  i n  S a c r a m e n t o  County ,  C a l i -  
f o r n i a .  Based  on  t h e  f i e l d  s t u d i e s ,  i t  was found  t h a t :  

- While t h e r e  w a s  some v a r i a t i o n  d e p e n d i n g  on t h e  
l o c a t i o n ,  t h e  a v e r a g e  d i s t r i b u t i o n  of  l a n e  u s e  was 
51.3 p e r c e n t  f o r  t h e  i n s i d e  l a n e  a n d  4 8 . 7  p e r c e n t  u s e d  
t h e  o u t s i d e  l a n e .  

- The a v e r a g e  t ime-headway f o r  t h e  i n s i d e  l a n e  
r a n g e d  f rom 2 . 6  t o  2 .9  s e c o n d s  a n d  f rom 2 . 8  t o  3.5 
s e c o n d s  f o r  t h e  o u t s i d e  l a n e .  

T h e s e  headway f i g u r e s  i n d i c a t e  t h a t  t h e  i n s i d e  l a n e  h a s  a 
g r e a t e r  c a p a c i t y  p o t e n t i a l  wh ich  is i n  c o n t r a s t  t o  t h e  f i n d i n g s  
o f  t h e  e a r l i e r  work by C a p e l l e  a n d  P i n n e l l f b ' .  Ray c o n c l u d e d  



t h a t  "it would seem r e a s o n a b l e  t o  e x p e c t  a t  l e a s t  a  75 p e r c e n t  
i n c r e a s e  i n  c a p a c i t y  by  a d d i n g  a  second  l e f t - t u r n  l a n e M .  

Assmusc4 '  under took  f i e l d  s t u d i e s  a t  s e v e n  s i t e s  i n  t h e  
Ch icago  a r e a  i n  1970 .  The i n t e r s e c t i o n  a p p r o a c h e s  t h a t  were 
s t u d i e d  i n c l u d e d  s e v e r a l  d i f f e r e n t  a p p r o a c h  c o n f i g u r a t i o n s  of 
d u a l  l e f t - t u r n  l a n e s  which r a n g e d  from f u l l y  "shadowedw t o  
t h o s e  w i t h  = t r a p  l a n e s " .  An a n a l y s i s  was c a r r i e d  o u t  which 
compared t h e  o p e r a t i o n  of t h e  d u a l  l e f t - t u r n  l a n e s  w i t h  t h e  
1 9 6 5  Hiahway C a p a c i t y  M a n u a l c 7 1 .  The a n a l y s i s  r e v e a l e d  t h a t  
t h e  p r o c e d u r e s  i n  t h e  Manual u n d e r - p r e d i c t e d  t h e  o b s e r v e d  v o l -  
umes a t  t h e  s t u d y  s i t e s  f rom 17 t o  74 p e r c e n t .  Assmus a l s o  
made n o t e  o f  t h e  f a c t  t h a t  d r i v e r s  t e n d e d  n o t  t o  t u r n  two- 
a b r e a s t ,  b u t  comple ted  t h e  t u r n  movement by w s t a g g e r i n g v  t h e  
p o s i t i o n  of t h e  v e h i c l e s .  A t  t h r e e  s i t e s  where t h e r e  w a s  l e s s  
t h a n  1 . 5  p e r c e n t  commercia l  v e h i c l e s ,  t h e  a v e r a g e  t ime-headways 
and s a t u r a t i o n  f l o w s  were:  

I n s i d e  l e f t - t u r n  
O u t s i d e  l e f t  - t u r n  
I n s i d e  t h r o u g h  
O u t s i d e  t h r o u g h  

Average Time- S a t u r a t i o n  Flow 
H e a d w a v A  

While  Assmus c o n c l u d e d  t h a t  t h e  c a p a c i t y  of t h e  d u a l  l e f t -  
t u r n  l a n e s  was n o t  v e r y  s e n s i t i v e  t o  normal  r a n g e  o f  c r o s s  
s t r e e t  w i d t h s ,  i t  w a s  n o t e d  t h a t  a  major r e d u c t i o n  i n  c a p a c i t y  
would o c c u r  w i t h  a c r o s s  s t r e e t  w i d t h  of less  t h a n  30 f e e t .  I n  
a d d i t i o n ,  it was found t h a t  c a p a c i t y  of t h e  l a n e s  was reduced  
a p p r o x i m a t e l y  1 . 8  p e r c e n t  f o r  e a c h  p e r c e n t  of commercia l  
v e h i c l e s .  F i n a l l y ,  i t  was s u g g e s t e d  t h a t  t h e  c a p a c i t y  of d u a l  
l e f t - t u r n  l a n e s  might  be a f f e c t e d  by: 

- a n g l e  of t u r n  
- t u r n i n g  r a d i i  
- medians  on  t h e  a p p r o a c h  
- medians  on  t h e  c r o s s  s t ree t  
- l e n g t h  o f  s t o r a g e  a v a i l a b l e  
- s t r i p i n g  and s i g n i n g  
- volume i n  t h e  a d j a c e n t  t h r o u g h  l a n e  

An a r t i c l e  was p u b l i s h e d  i n  1978 which summarized a s t u d y  
by K ~ n z m a n ( ~ ~ ' .  I n  t h a t  work, t h r o u g h ,  l e f t - t u r n ,  and  d u a l  
l e f t - t u r n s  were s t u d i e d  a t  1 7 5  l o c a t i o n s  i n  Orange County,  
C a l i f o r n i a .  I t  was r e p o r t e d  t h a t  t h r o u g h  and s i n g l e  l e f t - t u r n  
l a n e s  had a v e r a g e  c a p a c i t i e s  of  1700 v e h i c l e s  p e r  l a n e  p e r  hour  
of g r e e n  w h i l e  t h e  d u a l  l e f t - t u r n  lane had a n  a v e r a g e  v a l u e  o f  
1550.  



The most r e c e n t  r e p o r t e d  r e s e a r c h  was accornpl lshed by 
S tokesam'  i n  which d u a l  l e f t - t u r n  i a n e s  were s t u d i e d  a t  a 
t o t a l  of 1 4  i n t e r s e c t i o n s  i n  t h r e e  d i f f e r e n t  Texas  c i t i e s .  A 
summary o f  t h i s  work is a l s o  found i n  a  paper  by  S t o k e s ,  
S t o v e r ,  a n d  M e s s e r a o ' .  S t o k e s  o b j e c t i v e  was t o  d e v e l o p  
r e l i a b l e  estimates of s a t u r a t i o n  f l o w s  f o r  d u a l  l e f t - t u r n  
l a n e s .  As p a r t  of t h a t  r e s e a r c h ,  a n  e f f o r t  was made t o  r e l a t e  
v a r i a t i o n s  i n  f l o w  t o  p h y s i c a l  and  o p e r a t i n g  c h a r a c t e r i s t i c s  of 
i n t e r s e c t i o n  a p p r o a c h e s .  The r e s u l t s  of  t h e  f i e l d  s t u d i e s  
r e v e a l e d  t h a t  a v e r a g e  s a t u r a t i o n  f l o w  f o r  d u a l  l e f t - t u r n  l a n e s  
a t  t h e  A u s t l n  a n d  C o l l e g e  S t a t i o n  l o c a t i o n s  was 1636 vphg. A t  
t h e  Houston s i t e s ,  t h e  a v e r a g e  s a t u r a t l o n  f l o w  was found t o  be 
1800 vphq.  S t o k e s  c o n c l u d e d  t h a t  t h e  s a t u r a t i o n  f l o w s  f o r  d u a l  
l e f t - t u r n  c o n d i t i o n s  were h i g h e r  t h a n  p r e v i o u s l y  t h o u g h t  and 
t h a t  t h e  o b s e r v e d  h i g h e r  v a l u e  a t  t h e  Houston s i t e s  c o u l d  be 
r e l a t e d  t o  t r a f f i c  c o n d i t i o n s  i n  a l a r g e r  c i t y .  While t h e  
d e p a r t u r e  headways d i d  v a r y  depend ing  on t h e  c i t y ,  l i t t l e  d i f -  
f e r e n c e  w a s  found when t h e  i n s i d e  and  o u t s i d e  l a n e s  were com- 
p a r e d  f o r  a g i v e n  c i t y .  I t  is recommended t h a t  a s a t u r a t i o n  
f l o w  r a t e  of 1 6 0 0  vphg be used  f o r  most p l a n n i n g  applications, 
and t h a t  ra te  is a p p l i c a b l e  f o r  mixed t r a f f i c  c o n d i t i o n s  where 
heavy v e h i c l e s  make up 3 t o  5 p e r c e n t  of  t h e  l e f t - t u r n  volume. 

S t o k e s  used  c o r r e l a t i o n  a n a l y s i s  t o  examine t h e  e f f e c t  of 
i n t e r s e c t i o n  a n d  t r a f f i c  c h a r a c t e r i s t i c s  on d e p a r t u r e  headways. 
The f o l l o w i n g  f a c t o r s  were found t o  be s i g n i f i c a n t l y  c o r r e l a t e d  
a t  t h e  5 p e r c e n t  l e v e l  w i t h  t h e  i n s i d e  l a n e  d e p a r t u r e  headways: 

1. Turn  b a y  t a p e r  l e n g t h ;  
2 .  Turn  bay s t o r a g e  l e n g t h ;  
3 .  Approach g r a d e ;  
4 .  P e r c e n t  heavy  v e h i c l e s  i n  t h e  i n s i d e  l a n e ;  
5 .  Headway compress ion  f a c t o r  f o r  t h e  i n s i d e  l a n e ;  
6 .  Headway compress ion  f a c t o r  f o r  t h e  o u t s i d e  l a n e ;  a n d  
7 .  L e f t - t u r n  g r e e n  t i m e .  

For  t h e  o u t s i d e  l a n e ,  t h e  f o l l o w i n g  list of f a c t o r s  w a s  found 
t o  be s i g n i f i c a n t l y  c o r r e l a t e d :  

1. Approach g r a d e ;  
2 .  Width o f  i n s i d e  l a n e ;  
3. Width o f  o u t s i d e  l a n e ;  
4 .  Combined w i d t h  of i n s i d e  and o u t s i d e  l a n e s ;  
5. Headway compress ion  f a c t o r  f o r  t h e  i n s i d e  l a n e ;  
6 .  Headway compress ion  f a c t o r  f o r  t h e  o u t s i d e  l a n e ;  and  
7 .  L e f t - t u r n  g r e e n  t i m e .  

For t h a t  study, t h e  "headway c o m p r e s s i o n  f a c t o r n  was d e f i n e d  as 
t h e  c o m p r e s s i o n ,  o r  s h o r t e n i n g ,  of t h e  l e f t - t u r n  d e p a r t u r e  
headways as t h e  demand p e r  c y c l e  i n c r e a s e s  r e l a t i v e  t o  c a p a c -  



i t y .  I n  o t h e r  t e r m s ,  t h i s  was d e f i n e d  a s  t h e  c o m p r e s s i o n  of  
t h e  d e p a r t u r e  headways a s  t h e  q u e u e  l e n g t h  i n c r e a s e s  r e l a t i v e  
t o  t h e  g r e e n  t i m e .  

S t o k e s  a l s o  examined  l e f t - t u r n s  f r o m  t h e  d u a l  t u r n  l a n e s  
d u r i n g  t h e  amber a n d  r e d  t r a f f i c  s i g n a l  i n d i c a t i o n s .  I n  a d d l -  
t i o n  t o  t h e  o r i g i n a l  work by S t o k e s c x a ' ,  a p a p e r  d e a l i n g  w i t h  
t h i s  t o p i c  was l a t e r  p u b l i s h e d  by S t o k e s ,  Messe r ,  a n d  
S tove rc1" .  I n  t h i s  r e s e a r c h ,  t h e  number o f  l e f t - t u r n i n g  
v e h i c l e s  t h a t  e n t e r e d  t h e  i n t e r s e c t i o n  d u r i n g  t h e  amber o r  r e d  
s i g n a l  w a s  d e t e r m i n e d .  I t  was found t h a t  t h e  a v e r a g e  number of  
v e h i c l e s  d u r i n g  t h e  amber s i g n a l  d i d  n o t  s u b s t a n t i a l l y  d l f f e r  
be tween  t h e  two l a n e s ;  however d r i v e r s  made f e w e r  l e f t - t u r n s  
f rom t h e  o u t s i d e  l a n e  d u r i n g  t h e  r e d  s i g n a l .  The a u t h o r s  
s u g g e s t  t h a t  a b o u t  f o u r  v e h i c l e s  c a n  b e  e x p e c t e d  t o  e n t e r  t h e  
i n t e r s e c t i o n s  f rom t h e  two l a n e s  a t  t h e  end  of  t h e  g r e e n  
p e r i o d .  

U s i n g  t h e  r e s u l t s  f r o m  f i e l d  s t u d i e s  c o n d u c t e d  a t  a number 
of  l o c a t i o n s  i n  t h e  U n i t e d  S t a t e s ,  Z e g e e r r 2 s '  a n a l y z e d  i n t e r -  
s e c t i o n  c a p a c i t y  f a c t o r s .  Zegee r  examined t h e  u s e  of  t h e  d u a l  
l e f t - t u r n  l a n e s  a n d  d e t e r m i n e d  t h a t  5 0 . 3  p e r c e n t  o f  t h e  l e f t -  
t u r n i n g  v e h i c l e s  u sed  t h e  i n s i d e  l a n e .  R e f e r e n c e  is made t o  
t h e  l a n e  d i s t r i b u t i o n  c o n c e p t s  p r e s e n t e d  i n  T r a n s ~ o r t a t i o q  
R e s e a r c h  C i r c u l a x  212") a n d  t h e  a d j u s t m e n t  f a c t o r  of  0 . 9 1  
which  r e s u l t s  w i t h  55 p e r c e n t  of  t r a f f i c  i n  t h e  h e a v i e r  l a n e  of  
t r a v e l .  Z e g e e r  c o n c l u d e s  t h a t  t h e  o v e r a l l  a d j u s t m e n t  f a c t o r  
f o r  d u a l  l e f t - t u r n s  s h o u l d  b e  0 . 9 4  r a t h e r  t h a n  0.92 as g i v e n  i n  
t h e  I985 Hiahway C a ~ a c i t v  ManuaLra ' .  

EVOLUTION OF CAPACITY HETHODOLOGIES 

The 1 9 6 5  Hiahwav C a ~ a c i t v  M a n u a l r 7 '  i n c l u d e d  a p r o c e d u r e  
f o r  d e t e r m i n i n g  t h e  c a p a c i t y  of  d u a l  l e f t - t u r n  l a n e s .  A t  t h a t  
t i m e ,  s i g n a l i z e d  i n t e r s e c t i o n  c a p a c i t y  w a s  d e t e r m i n e d  f o r  e a c h  
o f  t h e  i n t e r s e c t i o n  a p p r o a c h e s .  F o r  a n  a p p r o a c h  w i t h  s e p a r a t e  
t u r n  l a n e s  a n d  s e p a r a t e  s i g n a l  c o n t r o l ,  t h e  f o l l o w i n g  maximum 
s e r v i c e  vo lumes  were  u t i l i z e d :  

L e v e l  s f  S e r v i c g  

These  s e r v i c e  vo lumes  were b a s e d  on 5 p e r c e n t  t r u c k s  a n d  a 1 0  
f t .  l a n e .  I f  two o r  more t u r n i n g  l a n e s  were p r o v i d e d ,  t h e  
a d d i t i o n a l  l a n e s  were  t o  be a s s i g n e d  80  p e r c e n t  o f  t h e  s e r v i c e  
volume f o r  o n e  l a n e .  Thus,  a d u a l  l e f t - t u r n  l a n e  would h a v e  
a s e r v i c e  volume of  1 . 8  t i m e s  t h e  v a l u e  f o r  a s i n g i e  t u r n  
l a n e  c o n d i t i o n .  



One of the example problems in the 3965 Hiahwav Ca~acitv 
Manual used a slightly skewed "TIt intersection configuration. 
A dual left-turn lane with a turn angle of less than 90 degrees 
was shown as part of one of the intersection approaches. The 
solution of the problem indicated that the dual left-turn lane 
should be treated similar to a through movement because of the 
heavy turn volume. There was some latitude, therefore, in 
selecting the procedure that would be used in a specific case. 

At that time, the maximum service volume for capacity con- 
ditions was considered to be 1,200 vphg. This would explain 
why later studies which made comparisons concluded that the 
procedures in the Manual under-predicted the actual capacity of 
dual left-turn lanes. 

Based on the procedures for signalized intersection capac- 
ity as presented in the J965 Hiahwav Ca~acitv l&mu.,L, Leisch 
developed a set of nomographs and charts which permitted a 
graphic solution for intersection capacity. This material was 
subsequently published in U i c  R & ( l w .  The work of Leisch 
is of particular note in that the capacity of dual turn lanes 
was related to the angle of turn, the width of the roadway into 
which the vehicles turned, and the type of intersection. The 
nomographs and charts for the dual turn lanes conditions are in 
Figure 3. 

During the 1970vs, there was an increase in use of I'criti- 
cal movement analysisw for analyzing signalized intersection 
capacity. In 1980, interim materials on highway capacitycs' 
were released by the Transportation Research Board and included 
a procedure for analyzing signalized intersection capacity 
based on critical movement analysis. As part of the procedure, 
it was necessary to evaluate a "lane utilization factorpv. 
Basically, the lane utilization factor reflected the fact that 
traffic volumes would not be evenly distributed over the 
available traffic lanes if more than one lane was provided for 
the movement. In the case of the dual left-turn lane condi- 
tion, the procedure suggested that 55 percent of the left-turn 
volume would be assigned to one of the two lanes. This would 
imply that the capacity of a dual left-turn lane would be 
approximately 1.91times the capacity of a single left-turn 
lane. 

The subsequent work in the development of a new capacity 
manual took a dlfferent direction in terms of the methodology 
for signalized intersection capacity. The Transportation 
Research Board Committee on Highway Capacity and Quality of 
Service decided that the measure of level of service for 
signalized intersections should be based on delay. As a 
result, a procedure that evolved was based on saturation flow 
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c o n c e p t s .  I n  t h a t  p r o c e d u r e ,  t h e  s a t u r a t i o n  f l o w  f o r  a  " l a n e u  
o r  " l a n e  g r o u p n  is d e t e r m i n e d  u s i n g  a  b a s e  s a t u r a t i o n  f l o w  
v a l u e  and t h e n  a d j u s t i n g  t h a t  v a l u e  f o r  t h e  a p p r o p r i a t e  i n t e r -  
s e c t i o n  c o n d i t i o n s .  I n  t h e  e a r l y  development  of  t h e  p r o c e d u r e ,  
a  base  s a t u r a t i o n  f l o w  r a t e  o f  1800 v p h g / l a n e  was recommended 
a l o n g  w i t h  a n  a d j u s t m e n t  f a c t o r  o f  0.80 f o r  d u a l  l e f t - t u r n  
l a n e s ( x a J .  T h i s  f a c t o r  w a s  based on e x c l u s i v e  t u r n  l a n e s  and a  
p r o t e c t e d  s i g n a l  p h a s i n g .  

The l a t e r  work on t h e  development  of a  new manual had t h e  
b e n e f i t  of  t h e  more r e c e n t  r e s e a r c h  of S t o k e s ( l w ;  t h u s  t h e  
a d j u s t m e n t  f a c t o r  f o r  d u a l  l e f t - t u r n  l a n e s  was m o d i f i e d  a c c o r d -  
i n g l y  i n  t h e  new g C a D a c i t v M a n l b a l " J .  I n  t h e  c u r r e n t  
e d i t i o n ,  s a t u r a t i o n  f l o w  c o n c e p t s  are used a s  t h e  b a s i s  f o r  
a s s e s s i n g  o r  d e t e r m i n i n g  t h e  c a p a c i t y  of s i g n a l i z e d  i n t e r s e c -  
t i o n s .  The recommended a d j u s t m e n t  f a c t o r  f o r  d u a l  l e f t - t u r n  
l a n e s  is 0 . 9 2 .  T h i s  means t h a t  t h e  u s e  of  a d u a l  l e f t - t u r n  
l a n e  would r e s u l t  i n  a n  e x p e c t e d  c a p a c i t y  of 1 8 4  p e r c e n t  of t h e  
s i n g l e  l a n e  c o n d i t i o n .  Again, t h e  o n l y  g u i d e l i n e s  t h a t  a r e  
g i v e n  are f o r  e x c l u s i v e  d u a l  l e f t - t u r n  l a n e s  w i t h  p r o t e c t e d  
s i g n a l  p h a s i n g  and  f o r  t h e  o p e r a t i o n a l  a n a l y s i s  p r o c e d u r e .  

Based on t h e  new e d i t i o n  of  t h e  Manual, L e i s c h c x s '  once  
more d e v e l o p e d  nornographs a n d  c h a r t s  f o r  u s e  i n  d e t e r m i n i n g  t h e  
c a p a c i t y  of  s i g n a l i z e d  i n t e r s e c t i o n s .  The m a t e r i a l  d e v e l o p e d  
by L e i s c h  a g a i n  a d d r e s s e d  c o n d i t i o n s  t h a t  were n o t  i n c l u d e d  i n  
t h e  1985 Hiah- C a ~ a c i t v  Manuax"'. For example,  a  c h a r t  is 
p r o v i d e d  f o r  a n a l y z i n g  d u a l  t u r n  movements a t  "Tn o r  " Y n  junc-  
t i o n s .  I n  t h i s  case, L e i s c h  s u g g e s t s  t h a t  t h e  d u a l  l e f t - t u r n  
movement b e  t r e a t e d  as a  t h r o u g h  movement and a d j u s t m e n t s  a r e  
made f o r  t h e  a n g l e  of t u r n  and  t h e  e n t r a n c e  w i d t h  of t h e  s t r e e t  
o r  roadway i n t o  which t h e  t u r n  is b e i n g  made. 

For  i n t e r s e c t i o n s  w i t h  f o u r  a p p r o a c h  l e g s ,  e x c l u s i v e  d u a l  
l e f t - t u r n  l a n e s ,  and p r o t e c t e d  p h a s i n g ,  L e i s c h  recommends t h a t  
t h e  c a p a c i t y  of a s i n g l e  l e f t - t u r n  l a n e  be d e t e r m i n e d .  The 
c a p a c i t y  of  t h e  d u a l  l e f t - t u r n  l a n e s  is c a l c u l a t e d  by a p p l y i n g  
a n  a d j u s t m e n t  f a c t o r  t o  a v a l u e  t h a t  is twice t h e  c a p a c i t y  of 
t h e  s i n g l e  l a n e .  The f o l l o w i n g  a d j u s t m e n t  f a c t o r s  a r e  g i v e n :  

Angle of E n t r a n c e  Width ( f e e t  1 
Turn 

( d e a r e e s  l 3 6 3 0 -.?A- 

I n  d i s c u s s i o n s  w i t h  Jack  L e i s c h ,  it w a s  n o t e d  t h a t  t h e  p roce -  
d u r e s  a n d  f a c t o r s  r e f l e c t  a r a t i o n a l  method and t h e  f i n d i n g s  



from spot observations. A comparison of the factors for the 90 
degree turn condition reveals that the recommended values are 
less than that shown in the 1985 Hiqhwav Ca~acitv Man~al'~'. 

Concurrent with the development of a new manual in the 
United States, a group in Canada developed and published a 
capacity guiderzx' for signalized intersections. This guide 
included data from Canadian cities and addressed conditions 
found in that country. Saturation flow concepts were used as 
the basis for analyzing and determining the capacity of sig- 
nalized intersections. 

The Canadian work indicates that there is considerable 
variation in the saturation flow values even for the through 
movements. Saturation flows were reported to vary with the 
season, the city, intersection design characteristics, and 
intersection environment. Typical reported saturation flow 
values ranged from 1840 to 1350 passenger car units per hour of 
green time for the through movements. 

With respect to double left-turn situations, the following 
statement is included in the Guide: 

"The saturation flow in the second lane of a 
double left-tur;~ is affected by how often this prac- 
tice Is used jn  the area. 

In +hshe regions where extensive use of the double 
lert-turns has a longer tradition , saturation flows 
tend to be equal for both lanes. In regions where 
double left-turns are not common, the right lane con- 
sistently features a substantially lower saturation 
flow value. 

The Canadian publication does address a condition where the 
outside lane of dual left-turn lanes is shared with a through 
movement. In that case, the capacity is determined by utiliz- 
ing the procedures for an exclusive left-turn lane with the 
procedures for a single shared lane. This discussion of the 
treatment of shared lane conditions is unique and not found in 
other publications. 



CURRENT RESEARCH 

A review of current research was undertaken for the purpose 
of determining any ongoing efforts that would apply to dual 
left-turn capacity. In addition to reviewing documents con- 
taining status reports on current research, selected individu- 
als who should have knowledge of pertinent research in the area 
were contacted. 

The Transportation Training and Research Center at the 
Polytechnic University (formerly the Polytechnic Institute of 
New York) is currently conducting a related project for the 
Federal Highway Administration. The research project, which 
was only recently initiated, is focusing on capacity questions 
that are associated with shared/permissive left-turn lanes. 
Because the project is limited to shared/perrnissive left-turn 
lanes, it is unlikely that the project will include dual left- 
turn lanes due to the lack of appropriate intersection 
approaches. 

The review did not reveal any other pertinent research that 
was being conducted at the present time. Certainly, it may be 
possible that a project or projects may be underway without the 
normal research community being aware of such efforts; however 
the approach taken should have identified any major efforts 
that were either ongolng or planned. 



SUMMARY AND CONCLUSIONS 

The review of literature revealed a number of publications 
that contained material related to dual, or double, left-turn 
lanes. Even with the available lite~ature, the knowledge and 
understanding of dual left-turn lane capacity and operations is 
relatively limited. The research studies that have been con- 
ducted have yielded results with considerable unexplained var- 
iability. In addition, the studies have been somewhat limited 
with respect to total understanding of dual-left turn lanes in 
that some pertinent questions have not been addressed. 

There is some variation in the application and use of dual 
left-turn lanes both in terms of design as well as traffic 
control. Generally, the applications involve exclusive turn 
lanes and protected signal phases even though other operational 
configurations and traffic control may be found in Arizona and 
throughout the United States a s  well as other countries. 

The rationale for using dual left-turn lanes is generally 
associated with capacity, left-turn storage, and intersection 
operation. The wrule-of-thumbw guideline that appears through- 
out the literature suggests the consideration of dual left-turn 
lanes if the left-turn volume exceeds 300 vehicles per hour. 

Most of the research studies have dealt with questions of 
capacity. A comparison of the findings of the various studies 
reveals considerable variation in the results. At the current 
time, the interest in capacity is associated with saturation 
flow rates and the causes of variation in saturation flow. For 
this reason, the recent research in T e x a s c ~ s * z o * 2 ~ ' i s  particu- 
larly pertinent because it can be directly related to current 
signalized intersection capacity procedures. Zn that work, it 
was found that saturation flow rates for dual left-turn lanes 
were much higher than originally thought. At sites in the 
larger city, the saturation flows approached values that would 
be expected for through movements. While the findings of that 
work indicated consistency of the flows for sites in a given 
city, there was variation in the results with the various 
cities. 

As has been indicated, the research studies have primarily 
focused on exclusive dual left-turn lanes with protected signal 
phases. The capacity procedures are generally limited to these 
conditions. 

In terms of safety, the survey by the ITE Committeect2' did 
attempt to determine the accident experience associated with 
the use of dual left-turn lanes. Based on the responses from 



the survey, the results were mixed and inconclusive. A study 
that specifically documented the accident experience with dual 
left-turn lanes was not found. 

No evidence of ongoing or other proposed dual left-turn 
research was found. It is unlikely that the current left-turn 
project sponsored by the Federal Highway Administration will 
address dual left-turn conditions. 

CURRENT RECOMMENDED PRACTICES 

Based on the review that was undertaken, the current prac- 
tice can be summarized as follows: 

1. In terms of guidelines for use of dual left- 
turn lanes, the literature suggests that a left-turn 
volume of 300 vehicles per hour or more merits consid- 
eration of the dual turn lanes. The decision to use 
the dual turn lanes should be evaluated based on the 
conditions at a specific intersection site. Intersec- 
tion and turn lane capacity as well as turn lane sto- 
rage are important considerations. 

2. The 1985 Hishwav Caaacitv Manual documents 
the current practice for the capacity analysis of 
standard intersections with exclusive dual left-turn 
lanes and protected signal phases. In essence, the 
factors in the Manual suggest that a dual left-turn 
lane has the capacity of 184 percent of the single 
lane configuration. 

3. The work by L e i s ~ h ( ~ ~ '  provides guidelines fox 
the analysis of dual left-turn lanes at '*TN and 
intersections. In addition, this reference is useful 
when considering the angle of turn and the entrance 
width of the street. 

4. Very little information is available about 
dual left-turn lanes with shared lane configurations 
or permitted turn conditions. The Canadian Guidetzx' 
does provide some discussion of the capacity analysis 
of these situations. 

Certainly, the current state-of-the-art relative to dual 
left-turn lanes is not absolute. While the available informa- 
tion does provide valuable insights into the operation and ana- 
lysis of dual left-turn lanes, the current guidelines and 
procedures should be used judiciously. 



RECOMMENDED RESEARCH 

The review of research and publications to date indicates 
that the capacity of dual left-turn lanes is subject to vari- 
ation depending on the geographic location and the driving 
environment of the intersection. The past work suggests that 
the variation occurs with the basic saturation flow rates. 
When the current edition"' of the Hiahwav C a ~ a c i t v  Manual was 
developed, it was recognized that the specific values might 
be subject to local variation. For this reason, jurisdictions 
have been encouraged to validate the values in the Manual or 
develop factors that reflect local conditions and experience. 

In spite of the previous research efforts, there are 
numerous questions that remain unanswered even in terms of dual 
left-turn capacity. For example, the current procedures for 
determining dual left-turn capacity are generally restricted to 
exclusive turn lanes and protected signal phasing. Information 
about other conditions is rather limited or nonexistent. Also, 
the review of past work revealed that questions related to the 
safety of dual left-turn lanes really have not been addressed. 

With an increase in use of dual left-turn lanes in Arizona, 
the results of further research in this area should benefit 
city, county, and State organizations. The research should 
document the experience with dual left-turn lanes in Arizona 
and provide local information for use in operational and design 
analyses. A detailed description of the proposed project is in 
the Appendix of this report. 
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A P P E N D I X  

PROPOSED RESEARCH 

PROBLEM TITLE: Capacity of Dual Left-Turn Lanes 

PROBLEM STATEMENT: 

The 1 9 8 5  Hiahwav Ca~acitv Manual provides limited 
guidelines and information relative to the assessment 
of the capacity of dual left-turn lanes. Research has 
shown there can be considerable variation in the 
capacity of these lanes depending on the geographic 
location. With an increase in use of dual left-turn 
lanes in Arizona, there is a need to develop factors 
for the assessment of the turn lanes based on local 
conditions. 

RESEARCH OBJECTIVES: 

The general objective of the research is to docu- 
ment the experience with dual left-turn lanes in Ari- 
zona and develop factors or values to be used in the 
analysis of intersection design and operations. The 
research shall also document the safety and accident 
experience at intersections with dual left-turn lanes. 

The following tasks are to be performed: 

1) Develop an inventory of dual left-turn lane 
installations in Arizona. The inventory will 
include information such as location, physical 
characteristics of the intersection, type of 
traffic control, and operation of the left-turn 
lanes relative to traffic signal phases. 

2 )  Given the inventory of dual left-turn instal- 
lations, develop a data collection plan that will 
reflect the range of conditions found in Arizona 
and the geographic locations of the intersections. 

3) Collect field data as necessary at the 
selected sites. It is suggested that video or 
time-lapse photographic equipment be used to 
record the data. The field data collection should 
include, but not necessarily be limited to, the 
following information: 



- s a t u r a t i o n  f l ow  d a t a  
- a n g l e  of d u a l  l e f t - t u r n s  
- r a d i u s  of  t u r n  l a n e s  
- s t r e e t  o r  roadway e n t r y  width 
- t r a f f i c  s t r e a m  compos i t ion  
- d a t a  on t r a f f i c  i n  a d j a c e n t  th rough  l a n e s  

4 )  Analyze d a t a  and deve lop  f a c t o r s  t o  be used i n  
t h e  a n a l y s i s  of t h e  c a p a c i t y  of d u a l  l e f t - t u r n  
l a n e s .  The f a c t o r s  shou ld  be compat ib le  w i th  t h e  
p rocedure s  found i n  t h e  1 9 8 5  Hiahwav C a p a c i t y  
Manual. I n  e s sence ,  t h e  a n a l y s i s  should  de te rmine  
s a t u r a t i o n  f low r a t e s  and v a r i a b l e s  t h a t  a f f e c t  
s a t u r a t i o n  f l o w  v a l u e s .  

5 )  Obta in  a v a i l a b l e  t r a f f i c  a c c i d e n t  d a t a  f o r  t h e  
i n t e r s e c t i o n s  w i th  d u a l  l e f t - t u r n  l a n e s .  I f  
a v a i l a b l e ,  "be fo re  and a f t e r w  a c c i d e n t  d a t a  should  
be o b t a i n e d  f o r  a s p e c i f i c  s i te .  

6 )  Analyze t h e  a v a i l a b l e  t r a f f i c  a c c i d e n t  d a t a  
and e s t a b l i s h  t h e  a c c i d e n t  e x p e r i e n c e  w i t h  d u a l  
l e f t - t u r n  l a n e s .  

7 )  Recommend v a l u e s  t o  be used i n  t h e  c a p a c i t y  
a n a l y s i s  of d u a l  l e f t - t u r n  l a n e s  i n  Arizona.  I f  
c o n d i t i o n s  a r e  found t h a t  a r e  not covered i n  t h e  
J985 Hiuhwav C a ~ a c i t v  Manual, s u g g e s t  a p p r o p r i a t e  
p rocedure s  and v a l u e s  t o  be used as p e r m i t t e d  by 
t h e  d a t a  from t h e  s t u d y .  

8 )  Recommend f u r t h e r  r e s e a r c h  a s  n e c e s s a r y  based 
on t h e  f i n d i n g s  of t h e  s t u d y .  

9 )  P r e p a r e  a r e p o r t  t h a t  documents a l l  work and 
f i n d i n q s  of t h e  p r o j e c t .  

EXPECTED IMPLEMENTATION: 

The r e s u l t s  of t h e  r e s e a r c h  shou ld  prov ide  guid-  
ance  i n  t h e  a n a l y s i s  and assessment  of d u a l  l e f t - t u r n  
l a n e s  t o  a l l  l e v e l s  of j u r i s d i c t i o n s .  The i n fo rma t ion  
w i l l  be u s e f u l  i n  c o n s i d e r i n g  t h e  d e s i g n  and opera-  
t i o n a l  improvements a t  i n t e r s e c t i o n s .  

ESTIMATED FUNDING LEVEL: $120 ,000  

ESTIMATED STUDY DURATION: 18 months 


